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Os NOACs são alternativas adequadas aos antagonistas da Vitamina K e 
parecem apresentar melhor perfil de segurança. No entanto, mesmo os doentes 
medicados com NOACs sofrem de eventos hemorrágicos. Doentes com hemorragia 
ativa podem beneficiar da reversão do efeito farmacológico dos NOACs apesar dos 
possíveis efeitos adversos, como, eventos trombóticos. Por isso mesmo, sumarizámos a 
evidência disponível sobre os antídotos específicos para os NOACs, nomeadamente, o 
Idarucizumab, o Andexanet alfa e o PER977. Após esta recolha, avaliámos a incidência 
de eventos trombóticos e mortalidade, aquando da utilização destes antídotos em 




Esta revisão incluiu todos os estudos intervencionais publicados até Outubro de 
2019 nas seguintes bases de dados: Cochrane Central Register of Controlled Trials, 
MEDLINE(R) e PsycINFO. Os estudos incluídos foram aqueles que descreveram 
doentes elegíveis para a administração do antídoto específico e que reportaram pelo 
menos um evento trombótico ou uma morte. 
O risco de viés foi avaliado através de uma adaptação da Critical Appraisal 
Skills Programme (CASP) Checklist. Utilizou-se o software Openmeta-analyst, e os 
resultados encontram-se expressos em percentagens e com intervalos de confiança de 
95% (CI). Foi usada a Freeman-Turkey transformation (double arcsine transformation), 
de forma a estimar a frequência dos eventos, limitando o IC entre 0-100%. A 




Nove estudos, maioria estudos coorte, que reuniram um total de 1292 doentes, 
foram incluídos na revisão sistemática e meta-análise. Estudos sobre o PER977 não 
foram encontrados.  
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A análise combinada de eventos trombóticos incluiu cinco estudos e resultou 
numa incidência de 6,1% (95%CI 1.8–12.3%). Em relação à mortalidade, a análise 
combinada incluiu nove estudos e resultou numa incidência de 15% (95%CI 10.6–




O tratamento com Idarucizumab e Andexanet alpha reduz de forma marcada a 
atividade anti-trombina e anti-fator Xa, respectivamente, o que conduz a uma 
hemostasia eficaz nos doentes hemorrágicos. Apesar da eficácia destes fármacos, os 
doentes poderão sofrer de eventos trombóticos com uma incidência de 6.1%. Sendo que 
esta incidência é superior nos doentes que foram tratados com o Andexanet alpha. 
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NOACs are suitable alternatives to VKAs and seem to be safer. However, even 
patients under NOACs can have hemorrhagic events. Patients with acute bleeding may 
benefit from reversing the pharmacological effect of NOACs in addition to the standard 
measures, although the possible side effects, such as thrombotic events. Therefore, we 
reviewed the current evidence about specific NOAC antidotes, namely Idarucizumab, 
Andexanet alpha and PER977, evaluating the incidence of thrombotic events and 





The review included all published interventional studies until October 2019 from 
Cochrane Central Register of Controlled Trials, MEDLINE(R) and PsycINFO. Studies, 
describing eligible patients for reversal with specific antidotes and that reported at least 
one thrombotic event or death, were included. 
The risk of bias was assessed using an adapted Critical Appraisal Skills 
Programme (CASP) Checklist. Openmeta-analyst software was used, and the results 
were expressed in percentages (frequency) and 95%-confidence intervals (CI). 
Freeman-Turkey transformation (double arcsine transformation) was used to adjust the 
dataset to estimate the frequency of the events, limiting the CI among 0-100%. 




Nine studies with a total of 1292 patients were included in the review and meta-
analysis, eight of them were cohort studies and one was case series. Studies about 
PER977 were not found. 
Five studies were included in the thrombotic events pooled analysis with an 
incidence of 6.1% (95%CI 1.8–12.3%). Regarding all-cause mortality pooled analysis 
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included nine studies with an incidence of 15% (95%CI 10.6–19.8%). A moderate to 




The best available evidence indicates that even with the demonstrated 
effectiveness of the treatment with Idarucizumab and Andexanet alpha reducing anti-
thrombin and anti–factor Xa activity, respectively, to achieve haemostasis, patients can 
suffer from thrombotic events with an incidence of 6.1%. This incidence was higher in 
patients who needed Andexanet alpha. 
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Non-vitamin K antagonist oral anticoagulants (NOACs), including direct 
thrombin inhibitor dabigatran and factor Xa inhibitors apixaban, edoxaban, and 
rivaroxaban, can be used as a reliable alternative for vitamin K antagonists (VKAs). 
These anticoagulants help prevent strokes in patients with atrial fibrillation and are 
indicated to treat deep-vein thrombosis and pulmonary embolism and to prevent venous 
thrombosis, especially after orthopaedic surgery. NOACs have emerged as the preferred 
choice, particularly in patients with indication to start anticoagulant therapy.1; 2 
All NOACs have a predictable effect (onset and offset) without need for regular 
anticoagulation monitoring.1 Another positive aspect is that NOACs seem to be safer 
since the risk of major bleeding, namely intracranial haemorrhage, is significantly 
decreased. 
Nevertheless, patients treated with NOACs can have severe bleeding events. 
These events are among the most common reason for withholding or ending oral 
anticoagulants. Anticoagulation-related bleeding is associated with an increased risk of 
death.2 Patients with life-threatening bleeding while treated with NOACs may benefit 
from its reversal in addition to the standard measures. This reversal may have side 





1. The purpose of this systematic review is to evaluate the incidence of thrombotic 
events and all-cause mortality in patients being medicated with NOACs that were 
treated with specific antidotes, Idarucizumab, Andexanet Alfa and PER977, because of 
acute bleeding or need of urgent surgery or other invasive procedure, assessing these 











This systematic review has been developed based on Preferred Reporting Items 
for Systematic review and Meta-Analysis (PRISMA) guidelines.3 
 
Types of included studies  
 
The systematic review included all published interventional studies, potentially 
randomized controlled trials, cohort and case series studies, both retrospective or 
prospective. Studies had to include patients with active haemorrhagic events or 
undergoing surgery/invasive procedure being treated with anticoagulants (dabigatran, 
apixaban, edoxaban, rivaroxaban or low-molecular-weight-heparin) and eligible for 
reversal with specific antidotes (Idarucizumab, Andexanet alpha and PER977). Studies 
had to report at least one thrombotic event or death, regardless of age, sex and 
comorbidities. Studies with healthy individuals, case reports and studies with less than 
10 patients were excluded. Regarding study design, we kept our eligibility criteria 
broad, although we do not expect any published randomized controlled trials due to the 
nature of the condition evaluated. 
 
Types of outcome measures 
 
Our primary outcome was the proportion of thrombotic events occurring until 
discharge or within 30 days after the administration of the antidote. The secondary 
outcome was all-cause mortality during the same timeframe. Whenever data for this 
time stratum was not available, we chose the closest follow-up to retrieve data. Other 
outcomes reported were pulmonary embolism, deep vein thrombosis (DVT), systemic 
embolism, ischemic stroke, transient ischemic attack and myocardial infarction. 
 
Search methods for identification of studies 
We searched for studies in the following electronic databases: Cochrane Central 
Register of Controlled Trials, MEDLINE(R), PsycINFO; from inception until October 
2019. The following keywords were used to search for relevant studies: 
“Idarucizumab”; “BI655075”; “Andexanet alpha”; “PRT064445”; “PER977”; 
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“Ciraparantag”. The full search strategy is presented in the Table S1 in the 
Supplementary Appendix. 
 
Data extraction, Evaluation and Synthesis  
Two reviewers screened the titles and abstracts yielded by the searches against 
the inclusion criteria. Posteriorly, the reviewer read the full text reports and determined 
whether they meet the inclusion criteria. Also, the reviewer recorded the reasons for the 
exclusion of articles only at the full text screening stage. (Table S2 in the 
Supplementary Appendix) 
The reviewers then extracted data from the individual studies identified for 
inclusion onto a pre-piloted form. This information included: studies characteristics, 
namely - study type (cohort studies or case series), year, length of follow-up, sample 
size; participants characteristics - age-mean year; type of medicated NOAC or other 
anticoagulant; cause for antidote; intervention characteristics - type of administered 
antidote; outcomes - all outcomes listed above were extracted. (Table 1 and 2) 
Risk of bias was assessed using an adapted Critical Appraisal Skills 
Programme (CASP) Checklist.4 (Table S3 in the Supplementary Appendix) 
The Openmeta-analyst software was used to synthesize the results and to 
determine the pooled estimated frequency of thrombotic events and mortality.5 
The results of the individual and pooled studies were expressed in percentages 
(frequency) and 95%-confidence intervals (CI). Freeman-Turkey transformation (double 
arcsine transformation) was used to adjust the dataset to estimate the frequency of the 
events, limiting the CI among 0-100%.6  
The random-effects model of DerSimonian and Laird 7 was used by default as 
this approach is the simplest and most commonly used method for fitting the random 
effects model and is particularly useful for larger samples.8 Statistical heterogeneity was 
assessed using I2 (based on chi-squared statistic and its degrees of freedom), which 
describes the percentage of the variability in effect estimates that is due to heterogeneity 






Records identified through 
database searching 































(n = 603) 
Records excluded 
(n = 581) 
Full-text articles assessed 
for eligibility 
(n = 22) 
Full-text articles excluded (n = 13): 
• Duplicated data (n = 4) 
• Wrong study design (n = 1) 
• Wrong outcomes (n = 1) 
• < 10 case series (n = 3) 
• No data from any specific 
antidote (n = 1) 
• No outcomes (n = 3) 
 
Studies included in 
quantitative synthesis 
(meta-analysis) 
(n = 9) 
RESULTS 
 
Electronic database search yielded a total of 603 published references. After 
removal of duplicates, screening of title and abstract and evaluation for full-text 




















Of the 9 studies included in the review, 8 were cohort studies (two prospective 
and six retrospective) and 1 was case series (retrospective). The studies involved a total 
of 1292 patients, 1272 of them were being treated with NOACs and the remaining 20 
with a low-molecular weight heparin (LMWH). The study that included the twenty 
patients taking enoxaparin was included in the review because of its sample size and 
importance. Two studies did not report mean age. In the other sudies, mean age of the 
patients varies between 75 years and 81 years. Follow-up ranged from hospital 
discharge to 3 months. The characteristics of the studies and patient population are 
presented in the Table 1 and 2. 
Four studies only enrolled bleeding patients while in the other five studies both 
bleeding and undergoing surgery/invasive procedure patients were enrolled. Only one of 
the studies reported the use of the Andexanet alpha antidote, while in the others the 
antidote used was Idarucizumab. None of the included studies reported the use of 
PER977 antidote. 
 About our primary outcome, all thrombotic events, five studies had reported at 
least one event that was included in the meta-analysis. Regarding all-cause mortality, all 
studies presented data that was included in the meta-analysis, although with different 
follow-up times.  
  
Proportion of Thrombotic Events 
The pooled analysis included 5 studies and the incidence rate of thrombotic 
events in the patients treated with specific antidote was 6.1% (95%CI 1.8–12.3%) (Fig 
2). A high heterogeneity (I2=90.08%) was observed, with p-value <0.001. 
 
Figure 2. Forest plot with the proportion of thrombotic events with NOAC antidotes. 
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Proportion of All-cause Mortality 
The pooled analysis included 9 studies and the incidence rate of all-cause 
mortality in the patients treated with specific antidote was 15% (95%CI 10.6–19.8%) 






Table 1. Main characteristics of included studies 
 
















12 75 Dabigatran 12 0 
Kupper11 2019 Retrospective Cohort 24 
ND for these 
patients 
Dabigatran 24 0 
Pollack12 2017 Prospective Cohort 503 78 Dabigatran 301 202 
Raco13 2018 Retrospective Cohort 11 81 Dabigatran 5 6 
Singh14 2019 Retrospective Cohort 265 ND Dabigatran 265 0 
van der 
Wall15 
2018 Retrospective Cohort 88 76 Dabigatran 53 35 
Wheeler16 2019 Retrospective Cohort 14 
ND for these 
patients 
Dabigatran 11 3 
Figure 3. Forest plot with the proportion of all-cause mortality with NOAC antidotes. 
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Connolly17 2019 Prospective Cohort 352 77 
Rivaroxaban 128 0 
Apixaban 194 0 
Edoxaban 10 0 
Enoxaparin 20 0 
 
 





ND: Not described 
NR: Not reported; ND: Not described; ATE: All thrombotic events; PE: Pulmonary embolism; DVT: Deep venous 















Brennan9 23 Idarucizumab 
Until 
discharge 
0 - - - - - - - 6 
Kermer10 12 Idarucizumab 
Until 
discharge 
NR NR NR NR NR NR NR NR 1 
Kupper11 24 Idarucizumab 90 days NR NR NR NR NR NR NR NR 8 
Pollack12 503 Idarucizumab 30 days 28 6 7 2 7 6 - - 66 
Raco13 11 Idarucizumab 90 days 4 - 2 - 2 - - - 4 
Singh14 265 Idarucizumab 
Until 
discharge 
NR NR NR NR NR NR NR NR 22 
30 days 3 - - - - - - 3 NR 
van der 
Wall15 
88 Idarucizumab 90 days 4 2 - - 2 - - - 17 









Nowadays it is accepted that strategies to manage bleeding complications in 
patients treated with NOACs rely on a precise analysis of their clinical status. First, the 
type of bleeding or the type of surgery/invasive procedure. Second, the patient and 
his/her previous treatment: the exact time of last NOAC intake, prescribed dosing 
regimen, renal function, factors influencing plasma concentrations and other factors 
influencing haemostasis, such as concomitant use of antiplatelet drugs.1 This analysis is 
crucial in order to prevent inappropriate antidotes usage and to better select the 
treatments proposed for these patients and the possible side effects.  
In this systematic review and meta-analysis, we showed that Idarucizumab and 
Andexanet alpha can be viable solutions for the patients mentioned above and even for 
patients medicated with a low-molecular-weight-heparin in the case of the only study 
with Andexanet alpha. We did not find any studies about PER977 that could be 
included in the review. This antidote was designed to reverse both direct thrombin and 
factor Xa inhibitors as well as the indirect inhibitor enoxaparin, binding in a similar way 
to each of them, something that is worth further research. 18, 19 
After the assessment of the included studies, eight of them on Idarucizumab and 
the remaining one about Andexanet alpha, we obtained the following incidences. The 
incidence rate of thrombotic events was 6.1% (Fig 2), which sum up the occurrence of 
79 events between a total of 1219 patients, while all-cause mortality incidence was 
higher, 15% (Fig 3), which sum up the occurrence of 176 deaths between a total of 1292 
patients. For both outcomes the heterogeneity of studies was high, resulting in wide CIs. 
The incidences of our primary and secondary outcomes were different and preclude a 
relation of direct association. 
According Pollack et al., thrombotic events can be related with a low rate of 
reinitiating anticoagulation. Since thrombotic events that occurred within the first 72h 
were in patients that do not restart anticoagulation and the subsequent events were more 
likely to reflect the underlying prothrombotic state than to be a direct effect of reversal. 
For example, Idarucizumab had no procoagulant activity when it was given to animals 
and healthy human volunteers and was successfully used in patients on dabigatran 
presenting major bleeding, or with the necessity of urgent surgery or intervention.12, 20, 21 
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The study by Pollack et al. along with Singh et al. study gather the majority of 
the sample on Idarucizumab, together they present data of 768 patients in which this 
antidote was administered in patients under dabigatran.  
The vast majority of patients that underwent surgery were reported in the 
Pollack et al. study, which together with the remaining surgical patients in the other 
studies, showed a percentage of thrombotic events of 4.8%. 
In the study by Connolly et al, with a total of 352 patients, it was described that 
most events occurred in patients which resumption of oral anticoagulation was delayed 
or in patients who did not restart anticoagulation, reinforcing the premise that using this 
antidotes is not directly related to thrombotic events. After restarting of oral 
anticoagulation, no patient had a thrombotic event during the 30 day follow-up.17 
Because of this a recent European Society of Cardiology (ESC) consensus recommends 
NOACs resumption after major bleeding as soon as the thrombotic risks outweigh the 
re-bleeding risks, in most cases within one week.15 
Regarding all-cause mortality, in the study by Pollack et al., most deaths that 
happened within 5 days after admission seem to be related to the severity of the 
bleeding event or to coexisting conditions (e.g., respiratory failure or multiple organ 
failure), whereas deaths that occurred after 30 days were more likely to be independent 
events or connected to coexisting conditions.12 Thus, supporting the hypothesis that 
thrombotic events are not directly related to mortality rates. 
The conditions in which acute major bleeding is associated with the use of 
thrombin and factor Xa inhibitors are medical emergencies with a poor prognosis. There 
are limited treatment options for such patients.17 Not only for that reason, our results are 
important for clinicians and investigators as they expose the most recent and significant 
data about the use of Idarucizumab and Andexanet alpha. These reversals have 
demonstrated quality and effectiveness in bleeding control in patients under NOACs or 
even other anticoagulants such as enoxaparin, thus promoting the need to further and 
more complete investigation on these drugs and their side effects. 
Our findings support the need to add some information in future studies, such as, 
more accurate monitoring during follow-up for these patients with blood tests to 
monitor the presence and evolution of NOACs and complete descriptions of the 
thromboembolic events and associated mortality. This kind of surveillance would be 
helpful to monitor the effectiveness of these antidotes for acute haemorrhagic events or 
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undergoing surgery/invasive procedure and to further assess its safety. A limitation of 
our study was the difference between follow-up times in the studies. 
It would be advantageous to use RCTs to study these effects, but this study 
strategy cannot be applied to our highly vulnerable population mainly because of 




The best available evidence indicates that even with the demonstrated 
effectiveness of the treatment with Idarucizumab and Andexanet alpha reducing anti-
thrombin and anti–factor Xa activity, respectively, to reach haemostasis, patients can 
suffer from thrombotic events with an incidence of 6.1%. This incidence was higher in 
patients who needed Andexanet alpha.   
The incidence above along the 15% incidence of all-cause mortality, it is 
possible to realize that regardless of whether these findings reflect a delayed or not 
restarted anticoagulation, the underlying severity of disease or even the exposure to 
these antidotes, clinicians should remain vigilant and consider close monitoring and 
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Table S2 – Detailed reasons for exclusion at full text screening stage. 
 
Bernstein 2016 Duplicated data. 
Calabria 2018 Wong study design - the study only identifies a representative 
sample of patients potentially eligible to the specific reversal 
agent on the market, Idarucizumab. 
Connolly 2016 Duplicated data. 
Fanikos 2019 Wrong outcomes - the study only provides information how a 
NOAC reversal agent is used in the real-world setting, examining 
where Idarucizumab is prescribed (across regions and within 
hospitals), the patients who received Idarucizumab, and why they 
received it. 
Levy 2019 Duplicated data. 
Oberladstatter 
2019 
No outcomes - Both thrombotic events and mortality were not 
reported until discharge. 
Okishige 2019 No outcomes - After 30 day of follow-up there were no 
thrombotic events or mortality reported. 
Pollack 2017 Duplicated data. 
Sheikh-Taha 
2018 
No outcomes - Both thrombotic events and mortality were not 
reported until discharge. 
Testa 2018 < 10 case series - the study only shows 3 cases where 
Idarucizumab was administered due to bleeding and even these 
doesn't specify the necessary outcomes. 
Thringh-Duc 
2016 
No data from any specific antidote - the article only tries to 
compare the spontaneous report of Dabigatran adverse effects in 
the French pharmacovigilance database with the adverse effects 
reported in an Idarucizumab clinical trial.  
Vosko 2017 < 10 case series - the study only includes 8 patients with bleeding 
or undergoing surgery/invasive procedures.  




Table S3 - CASP case-cohort study checklist. 
 
  




1. Yes Yes Yes Yes Yes Yes Yes Yes Yes 
2. Yes Yes Can’t tell Yes Yes Yes Yes Yes Yes 
3. Yes Yes Yes Yes Yes Yes Yes Can’t tell Yes 




























5. (b) Yes Yes Yes Yes Yes Yes Yes Yes Yes 




Yes No Yes 
6. (b) 
No (just until 
discharge) 
No (just until 
discharge) 
Yes Yes Yes Yes Yes Yes Yes 
